BVR photometric and quasi-simultaneous optical spectroscopic observations of the star HD 81032 have been carried out during the years 2000 -2004. A photometric period of 18.802 ± 0.07 d has been detected for this star. A large group of spots with a migration period of 7.43 ± 0.07 years is inferred from the first three years of the data. Hα and Ca II H and K emissions from the star indicate high chromospheric activity. The available photometry in the BVRIJHK bands is consistent with spectral type of K0 IV previously found for this star. We have also examined the spectral energy distribution of HD 81032 for the presence of an infrared colour excess using the 2MASS JHK and IRAS photometry, but found no significant excess in any band above the normal values expected for a star with this spectral type. We have also analyzed the X-ray emission properties of this star using data obtained by the ROSAT X-ray observatory during its All-Sky Survey phase. An X-ray flare of about 12 hours duration was detected during the two days of X-ray coverage obtained for this star. Its X-ray spectrum, while only containing 345 counts, is inconsistent with a single-temperature component solar-abundance coronal plasma model, but implies either the presence of two or more plasma components, non-solar abundances, or a combination of both of these properties. All of the above properties of HD 81032 suggest that it is a newly identified, evolved RS CVn binary.
Introduction
The presence of strong X-ray and nonthermal radio emission in late-type stars is a well-known indication of enhanced coronal activity (Drake et al. 1992; Güdel 2002 ). X-ray emission from coronae (T e ∼ 10 6−7 K) and chromospheric emission (T e ∼ 10 4 K) are also closely correlated, and thus stars with intense coronae will have strong chromospheric emission, as evidenced by their UV and Ca II H and K line emission (e.g. Ayres et al. 1995) . While many active stars have been identified as such through their X-ray and radio emission, it is only through detailed optical photometric and spectroscopic studies that their activity can be classified into known types.
RS CVn binaries are perhaps the most common type of active star, at least for stars having spectral types in the range from late F through K. In an RS CVn binary, the two stars are usually tidally locked so that the rotational period of each star is approximately the same as the orbital period; however, the two stars are not undergoing mass transfer (i.e. they form a detached system). One star is generally a spectral type F to G dwarf or a subgiant that is ∼ 1000 K hotter than its companion, which is usually a G to K type giant or sub-giant. In the more recent definition of the RS CVn class, there is no restriction on the spectral type of the secondary star or on the orbital period, except for the evolutionary constraint (Fekel et al. 1986 ). RS CVns have been further subdivided into three groups according to their orbital period: the short period (P ≤ 1 d), classical (1d ≤ P ≤ 14 d), and long period (P ≥ 14 d) groups. In the soft (0.1 -2.0 keV) X-ray band, the luminosities of RS CVn binaries typically lie in the range of 10 29 − 10 32 erg s −1 (Drake et al. 1989 ), compared to 10 25.5 − 10 29.5 erg s −1 for normal late-type stars (Schmitt & Liefke 2004 (Güdel 2002 ).
The K0 IV star HD 81032 (Houk & Smith-Moore 1988) was first noticed as an X-ray active star when it was identified as the likely optical counterpart of a soft X-ray (0.2-4.0 keV) source in the Einstein Slew Survey, 1ES 0920-13.6, with an X-ray flux of 2.1 ± 0.9 × 10 −11 erg cm −2 s −1 (Elvis et al. 1992 , Schachter et al. 1996 ). An X-ray source at this position was later detected in the ROSAT All-Sky-Survey (RASS)
at a weaker (but statistically more significant) level of 3.9 ± 0. In this paper, we present extensive optical photometric and spectroscopic observations, as well as an analysis of archival X-ray data, of the star HD 81032. This is the first detailed optical photometric and spectroscopic study of this star, although a brief discussion of some of the optical photometry of this star was given in Pandey et al. (2002) . Based on our long-term optical study, the star HD 81032 is shown to be a new member of the (long-period) RS CVn class.
The organization of this paper is as follows. The observations and data reduction are presented in § 2.
In § 3, we analyse the data for the periodicity. In § 4, we discuss the light curve and phase of minimum light. Chromospheric emission features are described in §5. In §6 and §7, the spectral type and IR excess of HD 81032 are discussed, while the X-ray spectra are discussed in §8. Finally, § 9 summarizes the main results of this paper.
2 Observations and data reduction a signal-to-noise of ratio between 20 to 40 was achieved in these spectra. HD 71952, a K0IV type star, was also observed as a reference star for HD 81032.
The spectra were extracted using the standard reduction procedures in the IRAF packages (bias subtraction, flat fielding, extraction of the spectrum and wavelength calibration using arc lamps). The spectral resolution was determined by using emission lines of arc lamps taken on the same nights. A spectral resolution (δλ) of 2.7Å at 6300Å and 3.7Å at 4000Å was achieved. All the spectra were normalized to the continuum and equivalent widths for the emission lines were computed using the IRAF task splot.
The errors in the measurement of the equivalent widths of the emission lines were determined by measuring the equivalent widths of some moderate absorption lines for each spectra. We computed the standard deviation for the equivalent width of each feature, and finally determined the mean standard deviation to be 0.02Å.
X-ray Data
The star HD 81032 was observed and detected by the ROSAT PSPC detector during the ROSAT AllSky-Survey (RASS) phase over a 2-day period from 1990 November 10 to 12. The exposure time was 501 s, and was accumulated in 26 separate short scans of this region of sky. The PSPC had an energy range from 0.1 -2.4 keV with a (low) spectral resolution (∆E/E ≈ 0.42 at 1 keV). A full description of the X-ray telescope and detectors can be found in Trümper (1983) and in Pfeffermann et al.(1987) . The ROSAT X-ray data for HD 81032 were obtained from the public archives, the relevant RASS dataset being rs932025n00. Source spectra for HD 81032 were accumulated from on-source counts obtained from a circular region on the sky centered on the X-ray peak and having a radius of 3.85 arcmin. The background was accumulated from several neighboring regions at nearly the same offset from the source.
Photometric light curves and period analysis
Photometric light curves corresponding to the four observing runs were taken. Figure determination was mainly due to observational limitations as our early data were too sparse and highly uneven. Besides a subgiant like this one is unlikely to be synchronized in a binary of 57-days period.
Photometric variation and phase of minima
The Julian days of the observations were converted to the phases using the ephemeris:
where the initial epoch corresponds to the conjunction with the first minimum observed. Figure 3 shows the differential B, V, R and V c , light curves and, (B-V) and (V-R) colour curves of the star HD 81032. Here V c stands for the differential V band light curve of the comparison and the check stars.
Each point in the light curves is mean of 3 -4 independent observations taken over a night. The light curve during the observing years 2001-2002 has a dense temporal coverage. We, therefore, divided this light curve into two different epochs to see any variation in the θ min and the amplitude. The mean epoch of the light curves, the observed maximum (∆V max ) and minimum (∆V min ) in the V band, peak to peak amplitude (∆V = ∆V max − ∆V min ), and phase of minima(θ min ) are listed in Table 1 . The value of ∆V max was constant during each epoch indicating that the brightness of unspotted photosphere was constant from epoch to epoch. However, the value of ∆V min was reduced by 0.14 mag from epoch 'a' to epoch 'b', and remained constant during the epoch 'c', 'd' and 'e'.
The RS CVn systems usually show one or two well defined minima, thereby indicating that the rotational modulations caused by one or two prominent spots or groups of spots. Additional spots may be present at other longitudes, or in the circumpolar regions but contribution to the overall rotational modulation may not be appreciable. The phase of the light minimum (θ min ) directly indicates the mean longitude of the dominant groups of spots. A sharp minimum was observed during the epoch 'a' (see Fig. 3a ). At the same time the amplitude of the V band light curve was found to be 0.288 mag, which was maximum during our observations. The sharpness of the minimum indicate that it is the latitudinal extent of the groups of spots that may be responsible rather than the longitudinal extent. Broad minima during the epochs 'b', 'c' and 'd' indicate that the spots were spread over an appreciable longitudinal range ( Fig. 3 b to d) . It is interesting to see the light curve of the star HD 81032 during the epoch 'e'.
Here a single large spot, characterized by a broad minimum during the epochs 'b', 'c' and 'd' separated into two groups of spots. This can be easily seen by two well separated minima (see Fig. 3 e). Significant change in θ min (see Table 1 ) is probably associated with a change in the spot configuration on the surface of the star.
Variation in the colour of the star HD 81032 is correlated with its magnitude (see top two panels of The following equation was fitted to the data by the method of linear least squares to determine the rate of the phase shift (or migration period).
Here ω = 2π/P is the rate of phase shift (degrees/day), P is the corresponding period in days, t is time in days, t 0 is reference time, and θ 0 is the reference spot longitude in degree. After the epoch JD 2452400 (or after the epoch 'd'), the evolution of different spots seems to be more responsible than the migration of single group of spots, so, we have used only first three points of the Fig. 4 that strip, and may be due to the formation of a new group of spots on the surface of the star.
Hα and CaII H and K emission lines
The Hα and CaII H & K emission lines are important indicators of chromospheric activity. In very active stars like II Peg, V711 Tau, UX Ari the Hα emission is seen clearly above the continuum, whereas in less active stars only a filled in absorption line is observed. Figure 5 shows spectra of HD 81032 in the Hα region. Spectrum of the star HD 71952 is shown for comparison. Hα emission line can be seen clearly in the star HD 81032 (Fig. 5) . It has been suggested that in the RS CVn systems at least one star must also show the intense emission in the H and K lines of CaII (Fekel et al. 1986 ). As shown in Figure 6 , CaII H and K lines are above the continuum at all the phases observed. The measured equivalent widths (EWs) of the Hα, CaII H and K emission feature, the corresponding JD and phase are listed in Table 2 .
The photometric observations during the epoch 'd' were close to the spectroscopic observations. Figure   7 shows the plot of EWs of Ca II H, K and Hα against phase, along with the V band light curve of the epoch 'd'. It appears that Hα, Ca II H, and K emission features are variable and anti-correlated with the photometric phase i.e. the maximum at photometric minimum and minimum at photometric maximum.
This could be due to the presence of active cool spots on the surface of the star.
Spectral type
The value of the total galactic reddening E(B-V) in the direction of HD 81032 is estimated to be 0. 
Spectral energy distribution (SED)
We have determined the SED of HD 81032 using broad band UBVRI (present photometry), 2MASS JHK 
X-ray light curve and spectra
The light curve for the source and background were extracted using the xselect package for the PSPC 0.1 -2.4 keV energy band which contains all the X-ray photons. The background-subtracted X-ray light curve of HD 81032 is shown in Figure 9 The X-ray spectrum of HD 81032 as observed with the ROSAT PSPC is shown in Figure 10 . Response matrices based on the available off-axis calibration of the PSPC and using the appropriate ancillary response files were created and data were fitted using the xspec (version 11.3.1) spectral analysis package.
Spectral models for thermal equilibrium plasma known as the Mewe-Kaastra-Liedahl or MEKAL model values. In each of the above models the interstellar absorption was assumed to follow the absorption crosssections given by Morrison & McCammon (1983) , and the total intervening hydrogen column density N H was allowed to vary freely.
The results of different model fits are summarized in Table 3 . Single-temperature MEKAL models with abundances fixed to the solar values gave unacceptably high values for χ 2 ν , and thus can be rejected. However, single-temperature plasma models with abundances of 0.19 +0.14 −0.08 times solar and plasma temperature of 0.84
−0.20 were found acceptable. Alternatively, two-temperature MEKAL models with fixed solar abundances were also found to be acceptable; the two temperatures being 0.2 +0.2 −0.1 keV and 1.12 +0.52 −0.36 keV. Multi-temperature variable abundance models would also produce acceptable fits to the PSPC spectrum, but the small number of accumulated counts does not warrant such complex models.
The PSPC spectrum and the best-fit two-temperature plasma model with solar abundances are shown in Fig. 10 along with the significance of the residuals in terms of their χ 2 .
Based on the best fit 2T MEKAL model a source flux of 9.1 +0.9 −1.6 × 10 −12 erg cm −2 s −1 was obtained.
At a distance of 140 pc the X-ray luminosity of HD 81032 is calculated to be 2.1 . The derived X-ray luminosity is about a factor of 2 bigger than the earlier estimate given in §1. This may be due to the non-trivial column density of 1.4 × 10 20 cm −2 inferred: objects with a high column density will typically have a higher count rate to flux conversion factor than the standard one which assumes a low column density. The values of kT 1 and kT 2 of HD 81032 (see Table 3 All the errors quoted in this section are internal statistical errors, and that the distance-dependent errors of 45% in luminosity which were mentioned in §1 have not been included in, for example, the EM errors quoted in Table 3 or the errors in the X-ray luminosity given the above paragraph of this section.
Summary
A photometric period of 18.802 ± 0.074d has been discovered in the star HD 81032. 
